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Methods

This PBPK model consists of 4 compartments for the dam (liver, fat,
rest of the body and placenta) and 1 compartment for the whole fetus
(Figure 1). All compartments except the fetus were described as

Figure 2: Distribution of TCDD in rat after a single dose (0.05 ng

TCDD/kg on GD15 using a fixed elimination rate.

pg TCDD/kg on GD15 using a variable elimination rate.

Figure 3 : Distribution of TCDD in rat after a single dose (0.05
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Results

Inclusion of a dose dependent elimination rate of TCDD provides a
better fit (Figure 3) compared to a fixed elimination rate (Figure 2).

*This model also predicts a
(Figure 4).

subchronic exposure of TCDD in mice

An initial simulation of human exposures using with a fixed
elimination rate compares well with the epidemiological human data
(Figure 5). However a number of assumptions had to be made on the
exposure so these results must be viewed cautiously.
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indicate that fetal TCDD concentrations are good predictors
of the developmental reproductive effects of TCDD in rats.
Presently, there are no models available to predict human
fetal TCDD concentrations. Development of a physiologically
based pharmacokinetic (PBPK) model to predict fetal
concentrations in humans would provide risk assessors a tool
to assess the impact of a variety of exposure scenarios on fetal

exposures in rats or mice compared to experimental data obtained from
the peer-reviewed literature. Data of Hurst et al from our lab were used
for the development and the validation of this model for pregnant
animals. We also simulated human exposures with the model and
compared the model to data available in the peer-reviewed literature.
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Figure 4: Distribution of TCDD in mice after subchronic exposure to
0.15 ng TCDD/ kg/day/5 day/week for 17 weeks using a fixed

elimination rate.

pregnancy using a fixed elimination rate.

Figure 5: Pharmacokinetic distribution of TCDD in humans after a
repetitive oral doses 0.32 pg TCDD/kg/day for 20 years prior to
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Discussion
The model predicts maternal and fetal tissue concentrations from acute

and subchronic exposures during in rats. The model was modified to
include dose dependent increases in the TCDD elimination rate and the
model fits of both the acute and subchronic exposures improved.
Experimental data on the distribution of TCDD in pregnant mice is
limited. However, the model provided good fits to the experimental
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developmental distribution of TCDD for rodents and human. T I I _ compared reasonably well to the epidemiological data published in the
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literature. Considering that the exposure dose had to be estimated a
comparison among epidemiological data and simulation demonstrated
reasonable concordance. However, the inclusion of a variable
elimination rate provides a better predictive tool to estimate the
elimination of TCDD in rodent and humans.
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Future direction
Several new data sets that provide repeated TCDD blood concentrations

measurements for the same individuals are now available. These data
sets are from Vietnam War Veterans exposed during Operation Ranch
Hand and in men and women exposed during the industrial accident in
Seveso Italy. We have begun collaborations with these groups and this
data will allow us to better refine and validate the human model.
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To develop a PBPK model that
describes the distribution and
elimination of TCDD in women and
their fetus during gestation.

Figure 6: An example of PBPK modeling of blood TCDD concentration data from Veterans of Operation Ranch Hand. A dose
dependent elimination rate was used. As dose increases the elimination rate increases.
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Impact
The development of this PBPK model for humans can provide risk

assessors and managers a predictive tool to better understand the
relationship between human exposures and target tissue concentrations.
This information may better inform risk managers and improve risk
management decisions.
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